Factor analysis was conducted to explain the characteristics and variation in the quality of water during the disassembly of oyster frames and fishery boxes. The result shows that the most important latent factors in the Tapeng Lagoon are the ocean factor, the primary productivity factor, and the fishery pollution factor. Canonical discriminant analysis is applied to identify the source of pollution in neighbouring rivers outside the Tapeng Lagoon. The two constructed discriminant functions (CDFs) showed a marked contribution to all the discriminant variables, and that total nitrogen, algae, dissolved oxygen, and total phosphate combined in the nutrient effect factor. The recognition capacities in these two CDFs were 95.6% and 4.4%, respectively. The water quality in the Kaoping river most strongly affected the water quality in the Tapeng Lagoon. Disassembling the oyster frames and fishery boxes improved the water quality markedly. However, environmental topographic conditions indicate that strengthening stream pollution prevention and constructing another entrance to the ocean are the best approaches for improving the quality of water in the Tapeng Lagoon by reducing eutrophication. These approaches and results yield useful information concerning habitat recovery and water resource management.
Introduction
In this work, the data in the large database obtained during the development of disassembling the oyster frames and fishery boxes in the Tapeng Lagoon and in the neighbouring rivers were analysed using various multivariate statistical approaches to extract information on the similarities or dissimilarities among the sampling sites, the identification of the water quality variables that cause spatial and temporal variations in the quality of lagoon water, the hidden factors that govern the structure of the database, the effect of the neighbouring rivers on the water quality parameters, and the identification of sources of pollution from neighbouring rivers. In conclusion, the quality of water in the rivers and lagoon was analysed. Secondly, factor scores were determined from a factor analysis of water variables, which were used to determine spatial and temporal variations of water quality in the Tapeng Lagoon. Thirdly, canonical discriminant analysis was conducted to construct the functions of monitoring parameters and to estimate the contribution of possible sources to the concentration of the parameters that are associated with neighbouring rivers. The aim of this work is to perform multivariate analysis and demonstrate its applicability and effectiveness in environment research. This is the first study in Taiwan that takes such an approach, and the results may be useful in developing a methodology for use by the government in refining its management programmes.
Materials and methods

Site description
The Tapeng Lagoon is a semi-enclosed coastal lagoon, which has only one tidal inlet through which lagoon water is exchanged with the coastal currents along the Kaoping coast on the narrow shelf in the southwest of Taiwan. It has a total area of around 532 hectares. The area is enclosed by the Taiwan Strait to the west, the central mountains to the east, the Kaoping river and the Tungkang river to the north, and the Lingbeng river to the south. Therefore, seasonal variations affect the bay. Much aquaculture, including oyster farming and fish cages, is conducted in the bay area, because the water is calm and rich. However, all of the fishery facilities were disassembled when the Tapeng Lagoon National Scenic Area was established in 2003. Therefore, the balance between nature and anthropogenic disturbance was broken.
Sampling and analysing water
Water samples were collected in July and August in 2002 and 2004 at all 13 sites to compare the changes caused by deconstructing the fishery facilities in the Tapeng Lagoon. Grid sampling was designed to represent the quality of the lagoon water. A total of 21sites (seven in each river) were sampled outside the lagoon in July and August 2004 in the three neighbouring rivers to identify the source that most worsened the quality of water in the Tapeng Lagoon ( Figure 1 ). Sampling, preservation, and transportation of the water samples to the laboratory followed Standard Methods (1995). The temperature, electrical conductivity, and pH of the water were measured on-site using a mercury thermometer. All other parameters were determined in a laboratory, following standard protocols (Standard Methods, 1995) . The samples were analysed to evaluate the 14 parameters -T (temperature), T-Alk (total alkalinity), Cl 2 (concentration of chloride), EC (electrical conductivity), TKN (total concentration of kjeldahl nitrogen), PO 22 4 (concentration of phosphate), pH, DO (concentration of dissolved oxygen), HPC (heterotrophic plate count), UV-254, T. coli (total concentration of coliform), algae (number of algae), chloro-a (concentration of chlorophyl-a), SO 22 4 (concentration of sulfate) and TS (total solids).
Statistical methods
Environmental monitoring typically generates many data that are difficult to analyse and interpret because their relationships among the variables are complex. Multivariate approaches have been used successfully to support the interpretation of complex field measurements and extract meaningful information from such databases (Ruiz and Blasco, 1990) . Factor analysis (FA) can determine the most important factors that contribute to the structure of data (Jenerette et al., 2002) . Canonical discriminant analysis (CDA) is used to interpret the spatial distribution of a bioassemblage given various environmental parameters (Huberty, 1994; Momen and Zehr, 1998; Shin and Fong, 1999) . Factor analysis is an approach that explains the observed relations among many variables in terms of simpler relationships to offer insight into the structure that underlies the variables. It is a powerful approach for recognizing pattern, which aims to explain the variance of a large set of inter-correlated variables and transform them into a smaller set of independent (uncorrelated) variables (Sharma, 1996) . CDA determines how a set of quantitative variables may differentiate among many known classes. CDA yields linear functions of quantitative variables that maximally separate two or more groups of individuals, while minimizing variation within groups. This approach distinguishes uncorrelated canonical discriminant functions (CDFs), which are the linear combinations of the original variables that most strongly separate the averages of the groups of observations (Rencher, 1992) .
Results and discussion
Factor analysis
The first latent factor explained 38.21% of the total variation of the water variables (Table 1) , indicating that T, Cl, EC, and TKN represent the underlying dimensions that account for the correlation among the variables. The temperature of the seawater was always steady. Total nitrogen represents nutrition, and can influence the production of phytoplankton. Therefore, the first latent factor was called 'the ocean current and primary production factor'. Meanwhile, Cl and EC had high positive factor loadings with the first latent factor (not shown in the text), indicating that it is strongly positively correlated with the first factor. T and TKN exhibited high negative factor loadings with the first latent factor. Factor scores are calculated to determine the level of pollution. In Figure 2 (a), Figure 2 (a) shows that the Cl content and EC were highest at the entrance of the lagoon and were associated with the highest ocean exchange capacity. The TKN content was highest at the sites in the southeast of the lagoon, indicating that this location may have suffered from the low ocean exchange capacity.
The second latent factor was responsible for 15.32% of the total variation of water variables and exhibited high negative factor loadings for UV-254 and HPC (Table 1) . UV-254 represents the water organic content. HPC represents the aerobic and anaerobic microbiological content, denoting the level of water pollution; many fishery activities exist in the samples. Therefore, the second latent factor was called the 'fishery pollution causes factor'. Figure 2(b) shows that the areas with the highest concentrations of UV-254 and HPC were at the lakeside, which finding coincided with the laboratory data because ocean exchange capacity was low. The third factor explained 11.7% of the total variation in the water variables and exhibited high positive factor loadings for TP, DO, and algae. TP is nutritious compound and a food for phytoplankton and algae. The amount of algae strongly influenced the DO content. Therefore, the third latent factor was called the 'primary productivity influence factor'. The concentrations of TP and algae were highest to the northeast and southeast of the lake. Weak ocean exchange capacity caused nutritious materials to accumulate and many algae to breed. More oxygen was dissolved during the day because of photosynthesis.
The water data (26 £ 12) sampled in 2004 showed that the first two factors explained around 76.31% of the total variance of the samples. The first latent factor explained 54.27% of the total variation in the water variables (Table 1) . Therefore, T, Alk, Cl, UV-254, pH, HPC, and DO explained the correlation among the variables. By analogy, the first latent factor was 'the ocean factor and the fishery pollution factor'. It shows that the pollution level was highest at the southern, southeast, and eastern sides of the lake. The second factor explained 22% of the total variation in the water variables and exhibited high positive factor loadings on TKN, TP, and chlorophyl-a, and had a high negative factor loading for EC. The second latent factor was called, 'the ocean factor and the fishery pollution factor'. It shows that nutrition content was highest at the central and southern sides of the lagoon. The drop in nutrition caused the TKN and TP content in 2004 to be lower than that in 2002 after the fishery facilities were disassembled. This showed that water quality had improved in 2004, but eutrophication still occurred at the end of the bag-shaped lagoon. 
Discriminant analysis
Total standardized canonical coefficients (TSCC) specify the joint effects of independent variables of a given CDF, so are more informative than the total canonical structure coefficients (TCSC) (Rencher, 1992) . TSCCs can be misleading when independent variables are related (Cruz-Castillo et al., 1994) . In this work, the TCSCs were used to interpret the CDFs because significant correlations were obtained among some of the independent variables (not shown in the text), and the TSCCs were used to yield the CDFs. 
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A forward stepwise approach was applied to determine which variables could be incorporated in the model (StatSoft, 1996) . Therefore, an F-test was conducted to identify the most discriminating variables. The process was terminated when the differences ceased to be significant. Table 2 shows that all of these discriminant variables were significant according to Wilk's Lambda test. The order of inclusion in the model, according to the F-test, was -TKN, chlorophyl-a, algae, DO, HPC, EC, TP, T, pH, Cl, TS, SO 22 4 , and Alk. In these models, the main factors were the ocean factor, the nutrient factor, the dissolved oxygen factor, the primary productivity factor, and the environmental pollution factor. Accordingly, these rivers vary greatly. Some parts of these rivers were polluted with domestic and industrial wastewaters but only one river was polluted with agricultural wastewater. The discriminatory capacity followed the order TKN, chlorophyl-a, algae, DO, HPC, EC, UV-254, and TP. These variables were the most important in these models. TKN and TP are nutrients that influence the large-scale formation of algae, and thus the measurements of chlorophyll-a, algae, and DO. The HPC content shows the level of pollution.
Canonical correlation coefficients exceeded 0.8 for both CDFs (Table 3) . Eigenvalues also exceeded 1.0 for both CDFs. These two CDFs together explained 100% (95.6%, 4.4%, respectively) of the variance at the 21 sampling sites. The value of every discriminant variable was standardized to determine the relationship between the discriminant variables and functions. The standardized CDFs were obtained as follows. þ 0:53 pH 2 3:33 HPC þ 0:12 DO þ 0:06 Algae þ 6:21 Chlorophyl-a þ 7:46 SO 22 4 2 0:88 TS Three river classes were distinguished using two CDFs. CDF 1 had the highest canonical coefficient, 0.99, and was defined by eight discriminant variables whose canonical coefficients had high absolute values. These were chlorophyl-a, Cl, TKN, SO 22 4 , HPC, EC, algae, and DO. Accordingly, CDF 1 comprised the nutrient factor, the domestic wastewater factor, and the ocean factor. The canonical structure coefficients indicate that the variance of variables in CDF 1 followed the ascending order TKN, algae, DO, and TP (Table 3) . TKN and TP are nutrients that can affect the production of algae, and thus influence the DO content. Table 2 shows that the measured TKN in the Tungkang river and the Lingbeng river exceeded that in the Kaoping river. Visual reconnaissance in the field established that some segments of these two rivers suffered from livestock breeding and tillage wastewater. The DO was highest in the Lingbeng river and lowest in the Tungkang river. Sampling sites in the Lingbeng river were concentrated in the middlelower reaches, where duck breeding farms were densely located and nutrients and algae were prevalent. TP is also an important factor in determining algae life, but it is not prevalent in these three rivers. In summary, CDF 1 is called the 'nutrient factor', based on canonical structure coefficients. CDF 2 had a higher canonical correlation of 0.92 and was defined by five discriminant variables, which had canonical coefficients with high absolute values: Cl, SO 22 4 , chlorophyll-a, HPC, and TP (Table 3) . CDF 2 comprised the nutrient factor, the domestic wastewater factor, and the ocean factor. The order of variance of variables that contributed to CDF 2 was T, DO, algae, and TP. Although the discriminant capacity was only 4.4%, CDF 2 was called the 'nutrient factor'. Figure 3 presents a dendrogram of the two CDFs to distinguish among the three rivers. Finally, five sampling sites that were significantly influenced by the ocean tide and located at the entrance of Tapeng Lagoon were selected; these were b1, c1, d1, b2, and c2. These two constructed canonical discriminant functions were substituted with standardized water quality parameters, indicating that the Figure 3 Dendrogram of three rivers neighbouring the Tapeng Lagoon in two discriminant functions quality, except at b1, was similar to that in the Kaoping river ( Figure 3) . Therefore, the Kaoping river most strongly affected the water quality in the Tapeng Lagoon.
Conclusions
Analysis of the samples shows that the physical and chemical properties of the Tapeng Lagoon can be explained by three latent factors -the ocean factor, the primary productivity factor, and the fishery pollution factor. Furthermore, in these two constructed linear discriminant functions the main factor was the nutrient factor which recognized that the Kaoping river most affected the water quality of the Tapeng Lagoon. The water quality improved after disassembling the oyster frames and fishery boxes. On the basis of environmental topography characteristics, strengthening stream pollution prevention and making another entrance and exitway through the ocean are the best ways to raise the water quality in the Tapeng Lagoon by reducing eutrophication. These approaches and results will help the government to refine the current monitoring programme by selecting determinants of physical and chemical analyses of river water samples, which also may be applicable to other wetlands with similar properties or similar environmental problems.
